Molecular Psychiatry P = 0.023). No interaction was observed between DRD4 and 5-HTT. Association between the 5-HTT deletion and low HA was strongest in individuals with the 7-repeat allele ( 2 = 6.09, P = 0.01). The epistatic effects were significant in females ( 2 = 5.86, P = 0.019 for DAT1*NS and 2 = 4.55, P = 0.03 for 5-HTT*HA), but not in males. To assess the precise impact of the potential epistatic and gender effects, we performed a logistic regression analysis. Although the odds ratios indicated a positive trend, the results did not reach statistical significance.
In our study of selected extreme scoring groups on NS and HA we observed an overrepresentation of females in the high, and of males in the low scoring groups. Earlier studies on temperament have shown significant gender differences on measures of neuroticism or HA. 15 Also, in the whole Swedish sample, NS is higher in females compared to males (R Adolfsson, unpublished data). The associations we found with DAT1 and NS, and 5-HTT and HA were strongest in the female extreme groups. Our association data contrast with a previous report showing no association between NS and DAT1. 13 We however, were only able to detect a significant DAT1 association in females. Also, the association of the 5-HTT deletion with low HA was in the opposite direction of what was originally reported, 3 the 5-HTT deletion being more frequent in high HA scoring individuals. We did not observe an association between DRD4 and NS, also not when examined in interaction with 5-HTT. The inability to replicate the association between NS and DRD4 may be due to different allelic distributions of other common polymorphisms interacting with DRD4, 6 in the northern Swedish population. The presence or absence of the DRD4 7-repeat allele seemed to influence the associations between DAT1 and NS, and 5-HTT and HA, although the data were not significant. The lack of significance implies that the 5% extreme groups, though powerful enough to detect single associations, lacked sufficient power to detect significant epistatic effects. Again the potential interaction between DRD4 and 5-HTT in HA was in the opposite direction of that reported by Auerbach et al. 5 The opposite findings obtained with 5-HTT in HA may suggest that the 5-HTT polymorphism itself is not involved, but rather an unmeasured polymorphism in its neighborhood, which is in linkage disequilibrium. On the other hand, our findings or the one(s) reported earlier may be false positives. In this respect, it is worth mentioning that for HA, neither the association nor interaction could be replicated after enlarging the original sample. 6 In conclusion, although our data seem to support that in NS the dopaminergic (DAT1), and in HA the serotonergic (5-HTT) systems are involved, the associations and interactions should be tested for replication in independent cohorts as well as in extended extreme groups of our study population. It will be important to test populations in which temperament dimensions were assessed using different temperament instruments. Nevertheless, our data show that studying multiple polymorphisms and their interactions combined with the method of selective genotyping may be a promising approach in searching for genes leading to quantitative traits such as temperament. SIR -Chromosome 16 short arm has been shown to display modest linkage signals for mood disorders in a number of studies. [1] [2] [3] An interesting candidate gene in this region is the adenylate cyclase type 9 gene (ADCY9) on 16p13.3, because adenylate cyclases (ACs) are critical in neuronal signaling, and perturbation of AC activity has been reported in mood disorder postmortem brains, 4 with additional supporting evidence that AC may act as targets of antidepressants and mood stabilizers. 5 In the present study, we investigated the potential role of ADCY9 in mood disorders, by using a newly developed family-based association analysis. We first delineated the genomic organization of the ADCY9 gene by aligning the sequence of BAC clone (GenBank Acc. No. AC005736) and the sequences of EST/cDNA clones (T08314, AF036927 and AB011092) in the database, revealing that ADCY9 was composed of 11 exons, spanning a region greater than 150 kb. All exon boundaries followed the GT-AG rule. The initiation and termination codons were in exons 2 and 11, respectively. This information was deposited into GenBank under the Acc. Nos. AY028948 through to AY028957 and AY028959.
We used the NIMH Genetics Initiative bipolar pedigrees containing 96 families with 536 individuals 6 in the present study. Edenberg et al 1 reported evidence of linkage to mood disorders with the 16p markers, D16S2619, D16S2618 and D16S749, by analyzing this family panel. The polymorphism screening of all the exons and flanking introns by sequencing, which covered the whole protein-coding region of ADCY9 gene, using 15 different primer sets (primer sequences and PCR conditions are available upon request) and 10 randomly selected bipolar I patients from the NIMH samples, detected 10 single nucleotide polymorphisms: −226GϾC (exon 1) (the A in the initiation codon ATG was designated as nucleotide +1), 2316AϾG:Pro4Pro (exon 2), IVS5-44TϾC, 2316AϾG:Ile772Met (exon 7), IVS8-51AϾG, 2706AϾG:Ala902Ala (exon 9), IVS9+60GϾA, IVS9-246CϾG, 3162C ϾT:His1054His (exon 11), and 3708GϾA:Gln1236Gln (exon 11). We also found that a tetranucleotide repeat, (TTTA) n located in the 3Ј-untranslated region, was polymorphic. Among these nucleotide variants, we selected the missense polymorphism 2316AϾG (Ile772Met) and (TTTA) n for subsequent genetic evaluation, because of their potential functional relevance. The former was typed by means of a fluorescence resonance energy transfer-based approach, 7 and the latter was scored using an ABI 377 equipped with GeneScan software (the details of these protocols are available on request).
We performed a family-based linkage/association analysis by applying the recently published pedigree disequilibrium test (PDT) 8 (available from http://wwwchg.mc.duke.edu) to the genotype data. The PDT is reported to be a valid test of association Molecular Psychiatry even when multiple related nuclear families from an extended pedigree are used, thus overcoming a limitation of standard family-based tests of linkage disequilibrium. 8 In addition, the PDT may be particularly beneficial when analyzing biallelic or oligoallelic markers, because the probability that parents are homozygous for these markers is high compared to multiallelic microsatellite markers. In such cases, we could lose substantial information if we employed, for example, a transmission disequilibrium test. Table 1 shows the results of PDT analysis. We used two affection status models (ASMs) in this study. 9 ASM I included bipolar I, II and schizoaffective illness. ASM II included the ASM I phenotypes and those with unipolar recurrent depression. The missense mutation showed evidence of association under the broad phenotype model (ASM II) (nominal P-value = 0.0332). The (TTTA) n polymorphism displayed significant linkage disequilibrium signals under both ASM I (nominal P-value = 0.0199) and ASM II (nominal P-value = 0.0395) disease categories. The P-value of (TTTA) n on ASM I remains significant after Bonferroni correction for two marker analyses. It is not known whether these variants could alter ADCY9 function although the substitution of Ile with Met removes a bulky side chain that could change the conformation of the enzyme. Likewise, the microsatellite repeat (TTTA) n could exert an influence on gene function by altering mRNA stability. 10 In conclusion, our present study revealed weak association of the ADCY9 gene variation with mood disorders in the family-based approach. These results warrant further analysis of ADCY9 or other nearby genes in larger samples. 
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